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(54) Optical access communications network 

(57) For subscriber access, via optical fibre, tocom- 
munications networks that offer various types of service 
by means of an optical access node (AN). The connec- 
tions between the optical network terminating equip- 
ments (ONT). to which thB subscribers are connected, 
and the access node (AN) can be made with point-to- 
point or point-to-iTiurttolnt fibre optic links. 

The links between tne access node (AN) and the 
switching centre (CE) are made via optical ftores through 
which pass the lightwave signals corresponding to a 



number of subscrtoers. murfiplexed together by means 
of wavelength division multiplexing. 

This network permits access to all types of -commu- 
nications services in which-each typeofservice employs 
a reserved wavelength for its -connection between the 
access node (AN) and the optical network terminating 
equipmant-(ONT). This reserved wavelength is fixed and 
•depends -only on the type of -service. 
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Description 

QBJgCT OF THE INVENTION 

This invention concerns an access cornmurecations 
network, based on optical technology, located between 
network terminating equipments, on the subscriber side, 
and switching nodes which in general ara service nodes 
(different types of centre, transparent routing nodes, 
etc.), for the provision of ail types of user required serv- 
ices: narrow and/of broad band services, distrfeution 
services (radio and TV), video on demand (VOD). ate,, 
and even semipermanent transparent optical channels. 

The connection of the network terminating equip- 
ments to their respective service nodes is made through 
an optical type access network, which provides the links 
with the appropriate interfaces far these networks. This 
gives rise to an access network ir^rastructurefrat meats 
the Open Network Provision requirements, that te, it pro- 
vides access for the subscribers to the services offered 
by a mutfj*eervice and multi-operator network in which 
one or more types of service can be provided by one or 
more operators. In this last case, a subscriber may select 
one from a number of networks to provide him with the 
service required- 

BACKGROUND OF THE INVENTION 

As a result of the vast amount of information 
expected to be transmitted over future communications 
networks through the setting up Of new user services and 
the advantages that optical technology offers (broad 
bandwidth, reliability, security, etc), consideration is 
being given to the need for using completely optica] net- 
works in which both transmission and switching take 
place in the optical domain, thereby avoiding the succes- 
sive opto-electricat conversion stages that occur in 
present networks. By taWng advantage of the multiplex- 
ing facilities offered by optical technology in the space, 
time and wavelength domains, it will be feasible to trans- 
port (transmit switch and route) large streams of infor- 
mation in a refiable. flexible and economical manner. By 
applying this concept'to the access network, h will be 
possfcle for subscribers to have access in a flexible man- 
ner to the communications network or networks via opti- 
cal fibres over which they will transmit and receive the 
necessary information in accordance with the type oi 
service to which the subscriber In question ts seeking 
access at any given moment. 

Different optical access network configurations, 
between the switching centres and the networktermnat 
ing equipments, permit the signals to be transported cor- 
rectly between the subscribers and the centre or centres 
to which they are connected. 

Thus, tor example, the European patent EP 
0394723 presents one of these optical communications 
systems for the transmission of multiple services to a 
group of subscribers. 



In this system, the subscribers are connected to a 
remote distribution unit by means of individual optical 
fibres, the connection between this distrfcubon unit and 
the centre being made by means of a singis optical fibre. 

e In the tfrection from the centre to the subscribers, the 
individual lightwave signals are transmitted on a number 
o? wavelengths equal to the number ctf^ubscribers (8 in 
th© case described in the document mentioned, a 1 ,...^ b ) 
and the common signals on another additional wave- 

7 o length Xq by means of wavelength division multiplexing. 
These wavelengths are separated in the remote dis- 
trtoution unit, such that each of the eight wavelengths 
Xy plLTB the common wavelength Xq are transmitted 
over the corresponding optical fibre that connects to 

15 each subscriber. VVrthbi the network terminating .equip- 
ment detection is done, separately, of the signals asso- 
ciated with each of the received wavelengths. 

In thB other direction, from the subscriber to the 
exchange, the information originating at the subscriber 

20 end is transmitted over the same optical fibre -hut with 
different wavelengths (J^.-.^-ib) to the remote distribu- 
tion unit where they are combined by means of wave- 
length division multiplexing for the transmission of all the 
Optical signals over a single Optical fibre to the switching 

2A centre. 

The fact that each network terminating equipment 
requires an optical transmitter and receiver working at 
different wavelengths than the other optical transmitters 
and receivers for the rest of the equipments, constitutes 
ao the main drawback-due to high cost resulting from their 
low repetHivrry factor, both in production and in installa- 
tion and maintenance. 
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raABA£gR SATtQN OF . TH5 INVENTION 



The optical comm uni caii oris network according to 
the invention permits subscrSjere to have access to one 
or more types of service simultaneously, by being con- 
nected to the respectfve switching centres or. in general, 
4D service nodes, vie an access node, the connections 
between this access node and the centre being made by 
means of optical fibre networks that employ wavelength 
division multiplexing techniques, and the ■connections 
between the access node and the network terminating 
4S equipmerrfe being made by means of optical fibre links 
in point-to-point or point-to^urtipoint configurations 
made, in the latter -case, by means of a -passive optical 



This communications network, which permfcs the 
so provision of various types of service (narrow band and/or 
broadband, distribution, video on demand -VOD-, trans- 
parent connections, connection-free services, etc-) ar 
particuiariy<haracterised in that the access to each type 
of service uses a wavelength that Is common for all the 
55 network termtnating equipments. In this way, each -serv- 
ice type has a reserved wavelength which "rs that which 
will be received and/or transmitted by an nstwork termi- 
nating equipments of subscribers to the type of -service 
in question. 
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In the avert that a user subscrfces to several types 
of service and wishes to have access simultaneously to 
them, these will be transmitted over a single optical ibre 
at the wavelengths associated with each one. by means 
of wavelength division multiplexing. 5 

The bidirectional linte between a switching centre 
and the access node are made by means of a set of opti- 
cal fibres on which are multiplexed together the signals 
corresponding to a number oi subscriber lines that are 
active at that moment by wavelength division multiplex- rt> 
ing techniques. 

At the access node, the conversion is made of the 
wavelengths used in the span from the corresponding 
switching centre to the access node to that associated 
with the sarvfce in question, and the routing of these eig- is 
naJa to the corresponding fibre for connection to the sub- 
scribers. 

In similar fashion the signals in the opposftedirection 
are transmitted from the network terminating equip- 
ments at the wavelength associated with this typs of so 
service and, at the access node, the conversion takes 
place from this fixed wavelength to another wavelength, 
which win be one available from a determined number. 
This optical signal is multiplexed with the other signals 
corresponding to other subscribers for transmission to ss 
the switching centre. 

The above process is repeated at the access node 
for each type of service. The part of the access nodB 
through which access is madB transparently to a deter- 
mined service node is termed the Plane of Service. 30 

With the arrangement descrfoed, H Is possible, first 
to have, on the subscrber side, for a given type of serv- 
ice, very simple and identical network terminating equip- 
ments since they all work at the same wavelength, 
consequently the cost Of manufacture, installation and as 
maintenance is much lower than if H were efferent ter- 
minals. 

In addition, the provision of a new type of service 
can be done simply as it Is only necessary to create a 
new plane of service in the access node, allocating to it <o 
a new wavelength, that corresponding to that type of 
service, and incorporate the appropri ate optical transmit- 
ters and receivers In the network terminating eqwpments 
of those users that wish to subscrtoe to the new-service, 
The incorporation of me new plane of service does not *s 
Interfere with those already installed 

RHIEF FOOTNOT ES TO THE REUSES 

Below a fufler explanation is given of the invention so 
based on the description of an implementation of ft 
according to the figures attached, in which: 

- figure 1 shows an optical communications system, 

in accordance with the state of the art, tor a cable ss 
television service and tor a broadband integrated 
services digital network. 

- figure 2 shows an optical communications netvoTk 
In accordance with the invention for access of net- 



work terminating equipments to an optical type 
switching -centre, and 

figure 3 shows an cptical«communications network 
{ike that above but which Includes the connection -of 
an ATM type optical switching centre to a transparent 
transport network -(ether service) which at the other 
axtremrty is connected to another -Optical switching 
■centre. 

pE $eRIPTION A PftgFERRgD IMPLEMENTS 
HON 

Major advances are foreseen in the development of 
broadbandservices in the-coming years. These services 
must becarrted on physical media whieh-can piovide^he 
necessary transmission capacity, as well as ensuring the 
refiabiGty and -confidentiality of the transmitted informa- 
tion. 

Tnis challenge-can be most easily met .by ihe use of 
optical communication systems that extend to the sub- 
scriber premises, that is, the usereubscriblng to services 
based on this type ^communications network will have, 
at feast, one optical fibre that connects to the network 
terminating -equipment which he has in his home or cen- 
tre and in which the entire path, from the switching-centre 
to the terminal, consists of optical ffores over which opti- 
cal signals are transmitted. Consequently the conversion 
to electrical signals takes place only in the network ter- 
minating equipment to which the subscriber terminals 
are connected. 

There are many optical -communications network 
configurations for optical fibre subscriber access which 
can be more or less suitable, depending mainly on -the 
technology available and on its-cost atthe time when this 
type of network, still -essentially experimental, becomes 
practical on a large -scale. 

Figure 1 shows a communications -system using 
optical fibre, based on the aforementioned principle and 
according to the -state of technology, for the provision of 
two types ddigjtaiC0n^unic8^nS^rvicB:<iigitalcabte 
television and integrated services digital network facili- 
ties. 

In this system, each subscriber ^ Sahasan opti- 
cal fibre L over which the optical signals involved are 
transmitted in both directions, ftcan be seen that even 
although all the subscribers receive the -same wave- 
length Xq in the case of cable television, lor the esse of 
access to the integrated services digital network each 
subscrtoer must rece'rvB a different wavelength *i.—*e 
from the others and transmit on another wavelength 
which also must notcoincide with thai transmitted by any 
of the others aq, «.^s- 

To this end. the subscriber terminating equipments, 
although similar to each other, are not identical since 
they differ, at least In ttieir working wavelengths. 

Figure 2 shows the -configuration of a preferred 
trrpi emerrtati o n of acommu nications network, in accord- 
ance with the invention, for the provision of multiple 
broadband -services. 
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This network is formed by a switching centre GE of 
an optical type (though It may also be of the electronic 
type), an access node AN that concentrates and/or mul- 
tiplexes the Optical signals erf the network terminating 
equipments OhfT in orderto access the optical switching 
centre mentioned CE and the optical fibre networks that 
interconnect theoptical network tenninating equipments 
ONT» trie access node AN and the swftehing centre CE. 

This network also permits simultaneous access to 
the dffferent comrmrnications services offered through 
the switching centre CE mentioned or through Othsr 
switching centres {some of these -could be the same as 
the one mentioned but belonging to another network 
operator) or other service nodes (not shown); for this 
operational division, as far as the type of service te con- 
cerned, it is known as the "plane ol service-. AC the 
planes of service are incorporated into the transport net- 
work (network core) through the access node AN to 
which the network terrninating equipments ONT have 
access via optical fibre. 

Each subscriber has one or two optical fibres OF 
over which the information corresponding to each serv- 
ice is received and transmitted at the respective wave- 
length allocated to each of the services on a permanent 
basis. 

ln the network described herein a first wavelength 
X fl is used for ATM services, a second wavelength 7* for 
television distribution services and a third wavelength 
for an ether service transparent optical -channel, equiv- 
alent to a conventional leased line), in addition, thenars 
another wavelength A* for connecting to the control net- 
work (not shown), All these signals are transmitted over 
optical fibres OF that connect the network terminating 
equipments ONT to the access node AN by wavelength 
division multiplexing. 

All the optical network terminating equipments ONT 
or the part corresponding to each type of service are 
identical to each other and serve to multiplex and derniiU 
tiplex the optical signals wfth different wavelengths 

X, corresponding to the Different connections {serv- 
ices) requested by the subscriber so that in this way, the 
different electro-optical transducers included in these 
terminals and -corresponding to each service perform 
their function in complete independence from the others. 

The access node AN also has a wavelength demul- 
tiplexer-multiplexer WDM tor each subscrfoer, which 
demultiplexes the different wavelengths V V K of each 
service originating in the subscriber premises and 
directs each of these to the corresponding plane of serv- 
ice in the access node AN; in the opposite direction, ft 
multiplexes the different wavelengths X*. X*, corning 
from the corresponding planes of service in the access 
node AN and sends them to the subscriber premises. 

It also includes main distribution frames MDF thai 
allocate a connection to the subscrfaers at the access 
node AN in a dynamic or permanent form. These ©Sstri- 
button frames are based on optical space-swHching tech- 
niques. 



finally, at«he access node AN there Is a set of * 
optical access boards OAB for each plane of service, 
which performs the following functions: 

e - in the upstream direction (from subscriber to switch- 
ing centre), they first perform the conversion of the 
fixed wavelength coming from each subscriber 
equipment into another wavelength X, that is differ- 
ent for each active aqufcment, into a set of mrtiffer- 

70 ent wavelengths and, second, the multiplexing of the 
m different wavelengths over one of the opticalffores 
that connect to thecentra; 
- in the downstream direction from -switching centre 
to subscriber), ft performs the reverse process. tfiat 

T5 is. first the demurfipiexing Of the m different wave- 
lengths received over one of the optical fibres com- 
ing from the switching-centre CE and the conversion 
of these m wavelengths into the wavelength 
reserved tor the service in question and which will 

20 be transmitted to the subscriber premises over the 
corresponding fbre. 

The switching centre -C5, which can be connected 
Id more than one access node AN, receives the previ- 
25 ously mentioned set of k optical fibres OFi ,...,0^ over 
which are transmitted ail the information for the mk 
active subscribers for a given service. 

In Bke manner an access nodecan be linked to more 
than one switching centre. In the system of figure 2 the 
so swrtarrirtg centre communicates with the optical net- 
work terminating equipments ONT only for the service 
far which the wavelength \ has been reserved {ATM 
service^imflar ly the access node ANcanoe connected 
to other nodes that provide the same lend of-service (but 
as from a different operator), or another Wnd of service like, 
for example, television distribution or video cm demand, 
or another type of special -service. 

In the cese described, ttie switching centre CE is an 
optical centre which receives information coming from 
40 the access node AN via a set of Optical fibres 
OF 1 OF k , in which each of them transmits, by wave- 
length division multiplexing, the set of wavBlgngths 1^ 
of the optical signals coming from b set m of optical net- 
work terminating equipments ONT. The f urtcttons-of this 
4$ centre are to demultiplex the wavelengths received and 
transmit them to a means rjf switching tor routing to other 
networks or other ternrinaJs connected to this centre- 
In the same manner as the optical networicterrninat- 
ingeo^opmentsONT are connected to the switching cen- 
50 fro CE and/or to other centres or -service nodes via the 
access node AN, HVs also possible for other electro-opti- 
cal equipments to do likewise; for example, terminals 
belonging to an existing network (FFTL system tin ter- 
rntoals, tfTWI MUX. -etc). In this way, the access node AN 
would also permit the access of these networks to the 
facilities or-services provided by the networks that they 
access (virtual path and/or circuit ©Aching and routing). 
In these cases, the^rresporiding signals that are wave- 
length rrrjkiplexed between the access node AN and the 
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switching cBrrtre CE woud be the optical interface sig- 
nals (2 Mbtt/s. 155 Mcrt/s. ate.) that are supplied bythes 
equipments. 

A switching centre, of the ATM type for example, 
could also have access, via an optical type access node 5 
AN, to the transparent connection services that can be 
provided by an ether network. Figure 3 shows this case 
in which, through the plane of service termed "ether", the 
links from a second switching centre CE, also of the ATM 
type, connect with the transparent connection transport 10 
network (for example, optical type distributors) for inter- 
connection with other switching centres- The optical 
ffrres have access to the plane of service at the allocated 
wavelength. 

In a similar fashion to that employed for the case of 15 
optical network terminating equipments ONT, the con- 
version is done of the wavelengths corresponding to the 
signals on the centre trunks, from the allocated wave- 
length, for example Xa r to a wavelength that is differ erri 

for each signal 7* which are multiplexed for trans- so 

mission over a single optical fibre OF Q that is connected 
to the service network of the transparent transport net- 
work ET or "ether. The number of different wavelengths 
to be multiplexed is determined by the spacing between 
them which depends on the trunk transmission rate. 25 

Claims 

1 . OPTICAL COMMUNICATIONS NETWORK for the 

connection of a set of network terminating equip- so 
merits (ONT) and/or electro-optical equipments to a 
switching centre (CE), in which the flow of informa- 
tion between me two passes, in transparent form, 
through an access node (AN}, 

$5 

in which th b transmission of the signals between 
this access node (AN) and the switching centre 
(CE) is done on optical ftores by wavelength 
division multiplexing of a set of wavelengths, 
in which the transmission between the access *o 
node (AN) and the network terminating equip- 
ments (ONT) is done on optical fibre, charac- 
terised in that the information signals that are 
transmitted between the access node (AN) and 
the network terminating equipments (ONT) do *3 
so making use of a same wavelength reserved 
for each ccfnn unicatfons service. 

2. OPTICAL COMMUNICATIONS NETWORK 
according to daim 1. characterised jn mat when so 
there are multiple types of communications serv- 
ices, each one of them uses a different wavelength 

for access. 

3. OPTICAL COMMUNICATIONS NETWORK 55 
according to daim 2, characterised in that in the 
direction of transmission from the switching centre 
(CE) to the subscribers to various communications 
services, the access node (AN) performs aconver- 



cion of tha m different wavfl] engine -corresponding 

to m subscriber equipments, into the wavelength 
reserved for each service. 

4. OPTICAL COMMUNICATIONS NETWORK 

according to claim 3. characterized in that the opti- 
cal network terminating equipments (ONT) of the 
users subscribing to different types of communica- 
tions services receive these services at the wave- 
lengths reserved for each one of the services, over 
optical fibres by wavelength division multiplexing. 

5. OPTICAL COMMUNICATIONS NETWORK 
according to claim 2, characterised In that in the 
direction of transmission from the subscribers to the 
switching centre (CE), the olfierent wavelengths cor- 
responding toeachcommunicatronsservice-CDrring 
from the netwc^ktenTOnafing equipments pNT) are 
demulliplexed in the access node {AN) and each is 
applied to the plane of service corresponding to 
each type of service. 

6. OPTICAL COMMUNICATIONS NETWORK 
according to claim 5, characterised in that at the 
access node (AN), and corresponding to each plane 
of service, a conversion is done from the wavelength 
corresponding to a determined service for each sub- 
scriber to a new wavelength within a set of m possi- 
ble -different wavelengths. 

7. OPTICAL COMMUNICATIONS NETWORK 
accorcSng to claim 5, cjiBjacteriggd in that the m 
wavelength corresponding to m subscribers using 
a single service are multiplexed over an optical f tore 
that links the access node-(AN) in the switching -cen- 
tre (CE). 

EL OPTICAL COMMUNICATIONS NETWORK 
according to claim 1 . characterised In that the con- 
nections by optical fibres between the access node 
(AN) and the network terminating equipments 
-(ONT). are allocated on a permanent basis or in a 
dynamic manner, by means of space switching tech- 
niques. 

9. OPTICAL COMMUNICATIONS NETWORK 
according to daim 1. fltracjerigfid in that the 
access node-(AN) afeaperforms the interconnecfion 
between the swrtchingcenre-(CE) -of aojven-service 
and the service node of the centre of a transparent 
transport network (ET), 

10. An access node (AN) for accessing an-optical net- 
work from a plurality of optical network terminating 
equipments (ONT) of different subscr&ars, charac- 
terized in that afl the -optical network terminating 
equ^>mems (ONT) transmit optical -agnate at the 
same wavelength, and that the access node (AN) 
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comprises an optical access board (QAB) contain- 
ing: 

- a pluraCty of wavelength convertere for convert- 
ing each received optical signal to an optical sig- 5 
nal with a subscriber-assigned wavelength, and 

- e multiplexer for multiplexing the converted opti- 
ca] signals into one optical signal which Is trans- 
mitted into the optical network. ' w 
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(54) Optical access communications network 

(57) For subscriber access, via optics I ffore. to com- 
munications networks that offer various types of service 
by means of an optical access node (AN). The connec- 
tions between the optical network terminating equip- 
ments (OIMT), to which the subsorfcers are connected, 
and the access node (AN) can be made with point-to- 
point or point-to-multipoint fibre optic links. 

The links between the access node (AN) end the 
switching centre (C£) are made via optical fibres 



through which pass the lightwave signals correspondng 
to a number of subscribers, multiplexed together by 
means of wavelength division multiplexing. 

This network parmite access to all types cf commu- 
nications services in which -each type of service 
employs a reserved wavelength for its connection 
between the access node (AN) and the optical network 
terminating equipment (ONT). This reserved wave- 
length is fixed and depends only on the type of -service. 
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